The NGC 1052 group, and in particular the discovery of two ultra diffuse galaxies with very low internal velocity dispersions, has been the subject of much attention recently. Here we present radial velocities for a sample of 77 globular clusters associated with NGC 1052 obtained on the Keck telescope. Their mean velocity and velocity dispersion are consistent with that of the host galaxy. Using a simple tracer mass estimator, we infer the enclosed dynamical mass and dark matter fraction of NGC 1052. Extrapolating our measurements with an NFW mass profile we infer a total halo mass of 6.2 (±0.2) × 10 12 M . This mass is fully consistent with that expected from the stellar mass-halo mass relation, suggesting that NGC 1052 has a normal dark matter halo mass (i.e. it is not deficient in dark matter in contrast to two ultra diffuse galaxies in the group). We present a phase space diagram showing the galaxies that lie within the projected virial radius (390 kpc) of NGC 1052. Finally, we briefly discuss the two dark matter deficient galaxies (NGC 1052-DF and DF4) and consider whether MOND can account for their low observed internal velocity dispersions.
INTRODUCTION
NGC 1052 is an elliptical galaxy with evidence of infalling HI gas and HI tidal tails (van Gorkom et al. 1986 ). The HI may have been acquired from the spiral galaxy NGC 1042 a few Gyr ago (van Gorkom et al. 1986 ). Dust lanes (Forbes et al. 1990 ) and misaligned star and gas kinematics (Davies & Illingworth 1986) both indicate a recent past merger or interaction event. The current HI content, of a few 10 8 M (van Gorkom et al. 1986) , suggests that any contribution to the stellar mass from newly formed stars, or globular clusters (GCs), was fairly minor. Indeed, the central galaxy is dominated by old (∼ 13 Gyr) stars (Milone et al. 2007 ). It contains a low luminosity AGN with compact jets (Fernández-Ontiveros et al. 2019) . Forbes et al. (2001) found the GC system around NGC 1052 to be fairly typical with a bimodal colour distribution and specific frequency S N = 3.2. The detected GCs have a range of luminosities, with the brightest being as luminous as ω Cen in the Milky Way. Spectra of 16 of the brighter GCs indicate typical old ages (Pierce et al. 2005) . Recent deep imaging (Mueller et al. 2019) reveals stellar streams indicating an ongoing interaction between NGC 1052 and the S0 galaxy NGC 1047.
NGC 1052, and its surrounding galaxies, have generated a great deal of interest lately with the claim of two relatively dark matter free galaxies, i.e. NGC 1052-DF2 and DF4 (van Dokkum et al. 2018 (van Dokkum et al. , 2019 . Some of the controversy has centred on whether DF2
Contact e-mail: dforbes@swin.edu.au and DF4 lie in the NGC 1052 group at ∼20 Mpc or much closer at ∼13 Mpc Haghi et al. 2019) ; the closer distance would imply a more typical dark matter content. Also debated in the literature is whether DF2 is inconsistent with Modified Newtonian Dynamics (MOND) (van Dokkum et al. 2018) or consistent (Haghi et al. 2019 ). This debate centres around the extent of the external field effect (EFE) due to the mass of NGC 1052, the presence of which leads to a lower velocity dispersion prediction by MOND, in line with that observed for DF2 and DF4. The total mass of NGC 1052 is also key to understand whether tidal stripping can explain the lack of dark matter in these galaxies (Ogiya 2018; Nusser 2019) .
A number of different methods can in principle be applied to estimate the dynamical mass of an individual galaxy (see review by Courteau et al. 2014 ). Here we focus on NGC 1052 and the kinematics of its GC system as tracers of the halo mass. We wish to understand whether NGC 1052 has a typical dark matter halo or is deficient, as claimed for DF2 and DF4.
Assuming the standard Surface Brightness Fluctuation (SBF) calibration method is valid for NGC 1052, then its distance is relatively well-established, with four different SBF studies giving a range of 18.0 to 20.6 Mpc. Here we use a distance of 19.4 Mpc from the SBF study of Tonry et al. (2001) . NGC 1052 is the brightest galaxy in a small group of galaxies known as LGG71 (Garcia 1993) .
In Table 1 we list some of the key properties of NGC 1052, e.g. it is an E4 elliptical with a predominately old stellar population, a modest central black hole and a weak X-ray emitting diffuse halo. In this paper we present new radial velocities for a sample of GCs associated with NGC 1052. These GCs act as kinematic tracers of the dynamical mass out to the galactocentric radius of the outermost GC. We measure the dynamical mass (and dark matter fraction) and use it to infer the total halo mass. We compare this mass with that expected from the stellar mass-halo mass relation. Finally, we briefly discuss the cases of DF2 and DF4 in the context of MOND and whether they are bound to the NGC 1052 group.
OBSERVATIONS AND DATA REDUCTION
Spectroscopic observations of NGC 1052 GC candidates (Forbes et al. 2001) were obtained using the DEIMOS spectrograph (Faber et al. 2003) on the Keck II telescope between between 2016 November and 2017 January. The observations and data reduction follow that of the SLUGGS survey (Brodie et al. 2014; Forbes et al. 2017b) , although NGC 1052 is not part of that survey. Briefly, the DEIMOS instrument is used in multi-slit mode with each slit mask covering an area of ∼ 16 × 5 arcmin 2 . We used the 1200 lines per mm setting, the OG550 filter, slit width of 1 arcsec and a central wavelength of 7800Å (which includes the Calcium triplet features). This setup gives a spectral resolution of ∼ 1.5Å (FWHM). Four slit-masks were obtained under seeing conditions of 0.6 to 1.3 arcsec. For observing details see Bellstedt et al. (2018) who analysed the slits near the galaxy centre containing galaxy starlight. Here we use the slits dedicated to GC candidates of NGC 1052.
The data have been reduced using the standard methods of the SLUGGS survey, e.g. Pota et al. (2013) . This reduction process effectively removes the sky and galaxy background light from that of the GC. The radial velocity of each GC spectrum is determined using a set of a dozen stellar template stars observed with the same grating and central wavelength. Tests of repeatability (i.e. from observing the same mask on different nights) from the SLUGGS survey indicates a systematic rms velocity resolution of ±10-15 km/s (Pota et al. 2013 ).
RESULTS

Radial Velocities
From the four DEIMOS masks we derive radial velocities from the Calcium Triplet lines for 77 GCs associated with NGC 1052 using the same method as described in Forbes et al. (2017b) . The coordinates and radial velocity of each GC are given in Appendix A.
In Fig. 1 we show the phase space diagram for GCs associated with NGC 1052, i.e. their radial velocities as a function of projected galactocentric radius. The GC system of NGC 1052 has a mean velocity of 1503 ± 15 km/s and a velocity dispersion of 132 ± 15 km/s. This is comparable to NGC 1052 itself with a systemic velocity of 1510 ± 6 km/s and a central velocity dispersion of 176 ± 26 km/s.
Dynamical Mass and Dark Matter Fraction
Following the method outlined in Alabi et al. (2017) we apply the Tracer Mass Estimator (TME) of Watkins et al. (2010) to the 77 GCs associated with NGC 1052 (we do not use the 16 GCs of Pierce et al. 2005 as they have much higher velocity errors and are all located within the central regions of NGC 1052 where we have excellent coverage). The TME assumes a pressure-supported system in dynamical equilibrium (we find no evidence for substructure or strong rotation in the GC system). We use a gravitational potential with slope α = 0.22 and a de-projected GC density slope of γ = 2.9, i.e. typical values used in equations 2 and 3 of Alabi et al. Under the assumption of isotropic orbits the total mass within 5R e for the smaller R e value (i.e. 5 × 2.06 kpc) is 1.17 (± 0.26) × 10 11 M . Relaxing the isotropic assumption, to include mild radial or tangential orbits (as per Alabi et al. 2017) , results in masses that are within ±4% of the mass for the isotropic case. If we adopt the larger R e value of 3.2 kpc, then the dynamical mass within 5R e becomes 1.71 (± 0.32) × 10 11 M .
van Gorkom et al. (1986) noted that the HI gas in NGC 1052 appeared to be rotating with disk-like kinematics but also showed some evidence of warping. Under the assumption of ordered motions, and scaling to our distance, they derived a dynamical mass from the rotation velocity of the HI gas within a radius of 23 kpc of 3.1 × 10 11 M . We have also calculated our mass within a physical radius of 23 kpc and find 2.44 (± 0.44) × 10 11 M for an isotropic orbit, i.e. within 2σ of the HI derived mass. This difference in mass would be reduced if the GCs at large radii are on more radial orbits (which we can not constrain with our data).
The maximum radius reached by our GCs is 40 kpc (or ∼13-20 galaxy effective radii). Within this radius we calculate a total mass of 4.14 (± 0.71) × 10 11 M and a dark matter fraction of f D M = 0.75 ± 0.06. The uncertainty on the dark matter fraction is much reduced at this radius compared to that at 5R e and it is insensitive to the galaxy's actual effective radius. We find the galaxy to be strongly dark matter dominated at this radius, similar to the earlytype galaxies of the SLUGGS survey (Alabi et al. 2017 ).
Halo Mass
Under the assumption that the mass in the halo follows a standard NFW profile (Navarro et al. 1997 ) under a ΛCDM cosmology, we extrapolate the enclosed mass within 5R e to the virial radius to estimate a total halo mass of 6.2 (±0.2) × 10 12 M or log M h = 12.79 ± 0.02 for a concentration parameter c = 7.0. This halo mass and its quoted uncertainty is the average of using the two different effective radii (see Table 1 ). Thus the derived halo mass is relatively insensitive to the adopted effective radius of the galaxy (but will vary for different adopted mass profiles or halo concentration parameters etc). The virial radius corresponding to this halo mass is 390 kpc (assuming cosmological parameters from Planck collaboration et al. 2018). In order to determine whether this halo mass is as expected for such a galaxy, we compare it with the expectation from the stellar mass-halo mass relation (SMHR). Although the SMHR is not well determined in the dwarf galaxy (and perhaps the brightest cluster galaxy) regime it is quite well determined, with good agreement between different authors, for galaxies around L * such as NGC 1052. The stellar mass for NGC 1052 is taken from Forbes et al. (2017a) which is based on the 3.6µ luminosity of NGC 1052 and an appropriate mass-to-light ratio for an old stellar population.
Using the inverted SMHR relation of Rodriguez-Puebla et al. (2017) and a log stellar mass of 11.02, a log halo mass of 12.76 is predicted. We note that the last term in their eq. 66 has a sign error and should be -1/2 (Rodriguez-Puebla, priv. comm.). The typical scatter about the relation in this mass regime is ∼0.2 dex. This is fully consistent with our estimate of the halo mass (i.e. 12.79 ± 0.02), scaled from our 5R e dynamical mass. Given the assumptions above, we conclude that NGC 1052 has a typical dark matter halo.
DISCUSSION
Based on our dynamical measurements, and an assumption of a ΛCDM cosmology, we have estimated a total halo mass for NGC 1052. We find that it is dark matter dominated and its halo mass is completely consistent with that expected based on its measured stellar mass. We note that in a MONDian universe, the dark matter mass is a phantom mass (Wu & Kroupa 2015) and the total mass of the galaxy is simply the baryonic mass (i.e. stellar plus gas mass).
In Fig. 2 we extend our phase space diagram out to the projected virial radius of 390 kpc and subtract the systemic velocity of NGC 1052 (1510 km/s) with the observed line-of-sight radial velocities. As well as showing the GCs, we include galaxies listed by NED (e.g. NGC 1047 r=57 kpc, V=1340 km/s; NGC 1042 r=83 kpc, V=1371 km/s; NGC 1035 r=140 kpc, V = 1241 km/s) and the Ultra Diffuse Galaxies (UDGs) DF2 and DF4. We also show velocity caustics corresponding to the halo mass of NGC 1052 in a logarithmic potential. Here the circular velocity of the halo is 259 km/s, the halo scale radius is 41.5 kpc and concentration parameter c = 7). According to van Dokkum et al. (2019) the NGC 1052 group has a mean velocity of V = 1438 ± 25 km/s and a velocity dispersion of 128 ± 19 km/s. The latter is quite consistent with our measurement of the GC system, i.e. 132 km/s.
From Fig. 2 it is likely that DF4 is probably bound to the NGC 1052 group. This is less clear for DF2 (also known as KKS [2000] 04) which has a much higher recession velocity (although it is similar to the highest velocity GCs we observe) and may have a true 3D separation closer to 3/2 times greater than its projected radius. Its position in phase space is also suggestive of being on an initial infall into the group (Rhee et al. 2017) .
DF2 has been observed to have a very low velocity dispersion (e.g. ∼10 km/s depending on how errors and small sample size are handled) for both its stars and its GC system (van Dokkum et al. 2018) . Under the assumption that it lies at the distance of NGC 1052 (i.e. ∼20 Mpc) this implies a total mass, within the observed radius, with little or no dark matter. It was argued by van Dokkum et al. (2018) that the very low velocity dispersion measured in DF2 could not be explained by MOND. This would be true if DF2 was isolated. However, the velocity dispersion measured for DF2 could be influenced by the External Field Effect (EFE) if DF2 resides in a large potential, i.e. it will be lower than that for an isolated system (e.g. McGaugh & Milgrom 2013) .
Recently, several authors have predicted the velocity dispersion for DF2 (and other UDGs in the NGC 1052 group) based on MOND and the EFE influence of NGC 1052 (Famaey et al. 2018; Kroupa et al. 2019; Haghi et al. 2019; Mueller et al. 2019) . These works show that the observed internal velocity dispersion of DF2 does not rule out MOND. Haghi et al. (2019) also explored the EFE if both DF2 and NGC 1052 are at distance of ∼10 Mpc, and concluded that this would make the MOND-predicted velocity dispersion fully consistent with the observations. However, unless one invokes an abnormal stellar population, the distance of NGC 1052 is quite secure with multiple SBF measurements all giving a distance closer to 20 Mpc. Kroupa et al. (2019) point out that MOND can be falsified if DF2 is at a distance of greater than 18 Mpc and more than 300 kpc from the nearest large galaxy.
DF4 has also been found to have a very low velocity dispersion based on its GC system (van Dokkum et al. 2019) . Although located at a projected radius of 165 kpc from NGC 1052, Fig. 2 suggests it is bound to the NGC 1052 group and hence at a distance of 20 Mpc. Haghi et al. (2019) showed that the EFE from NGC 1052 is able to reproduce the observed velocity dispersion but only within the 3σ level. However, the edge-on spiral galaxy NGC 1035 lies only 20 kpc away in projection. In this case, the EFE of NGC 1035 is much closer to reproducing the observed velocity dispersion.
Although the distance to NGC 1052 (and its associated GCs and group galaxies) is secure at ∼20 Mpc we acknowledge the considerable debate in the literature on the true distances to DF2 and DF4. For example, Cohen et al. (2018) argued for a distance of ∼20 Mpc, while Monelli & Trujillo (2019) argued that DF2 and DF4 (along with NGC 1035 and NGC 1042) lie at ∼13 Mpc. More work is needed to understand and verify these different distance determinations. Another uncertainty, which will remain, is the true 3D separation between DF2 and DF4 and the larger galaxies. This determines the relative isolation of each galaxy and therefore the strength of the EFE in MOND, and as well as the strength of any tidal interactions.
CONCLUSIONS
Here we present radial velocities for 77 globular clusters associated with the brightest group elliptical NGC 1052. Data were obtained using the DEIMOS spectrograph on the Keck II telescope. We measure a GC system mean velocity of 1503 km/s and a velocity dispersion of 132 km/s. These values are consistent with that of NGC 1052 itself. Using the GCs as tracer particles we estimate a total dynamical mass within 40 kpc of 4.14 × 10 11 M (compared to a stellar mass of ∼10 11 M ) and hence a high dark matter fraction of 75%. Extrapolating our measurements to the virial radius, assuming an NFW profile, we estimate a halo mass of 6.2 (±0.2) × 10 12 M . This mass is fully consistent with that expected from the stellar mass-halo mass relation, suggesting that NGC 1052 hosts a typical, large dark matter halo. Based on a phase space diagram out to the projected virial radius of NGC 1052, we suggest that the ultra diffuse galaxy DF4 is most likely bound to the group and hence lies at ∼20 Mpc, whereas this is less clear for DF2. The proximity of DF2 and DF4 to a larger host galaxy like NGC 1052 has implications for whether MONDian gravity can explain the low observed velocity dispersions in these two galaxies. Their true distances, and hence their membership of the NGC 1052 group, is still debated. This paper has been typeset from a T E X/L A T E X file prepared by the author.
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